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Abstract 
Background: Root fractures are a diagnostic challenge for dentists in endodontic treatment.  This study aimed to 
determine the relationship between the characteristics of tooth fractures and the presence of root canal posts in 
endodontically treated teeth using high-resolution cone beam computed tomography (CBCT).
Material and Methods: Fifty high-resolution CBCT scans of endodontically treated teeth with a diagnosis of frac-
ture were obtained, of which 30 were from women and 20 were from men. These scans were acquired with three 
Veraviewepocs 3D units and one 3D Accuitomo 170 unit, with a 40 × 40-mm field of view and 125 μm voxel size. 
The variables assessed included the type of fracture, extent of fracture, type of retention, post length, cause of en-
dodontic failure, location of the lesion, and time required to detect the fracture (difficulty score). For data analysis, 
the chi-squared test, Student’s t-test, and multiple linear regression (α ˂0.05) were used.
Results: No association was found between the type of fracture and type of retention or between the type of fracture 
and its extent (P ˃0.05). On the other hand, the type of fracture significantly influenced the time required for its 
detection. Additionally, the most difficult plane for detecting the fracture and the difficulty score were associated, 
with statistically significant results.
Conclusions: The type of fracture in endodontically treated teeth was not associated with the type of post used for 
restoration. All of the CBCT systems used to detect tooth fracture showed the same efficiency.
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Introduction
Root fractures are a diagnostic challenge for dentists be-
cause their signs and symptoms are not present in all ca-
ses, and they are difficult to differentiate from endodon-
tic treatment failures. Additionally, they cannot always 
be detected with conventional radiographs (1,2). The 
etiology of fractures is multifactorial; these factors can 
be divided into predisposing and iatrogenic factors (3).   
Three factors are important to classify root fractures: 
origin, location, and pattern (4). In their study with cone 
beam computed tomography (CBCT), Doğan et al. (5) 
found that the additional presence of crown fractures has 
a negative effect on the spontaneous healing of root frac-
tures. Most teeth extracted due to root fracture were tee-
th with prosthetic restorations after root canal treatment 
and dental fillings (6). Additionally, for future implant 
placement, the early detection of the fractured root af-
ter tooth extraction is important to ensure alveolar bone 
integrity (1).
CBCT images are more effective than periapical radio-
graphs to detect vertical root fractures in teeth with and 
without endodontic treatment. The maximum accuracy, 
sensitivity, and specificity have been reported as 96.6%, 
93.3%, and 100%, respectively (7). CBCT can be an 
ideal alternative in the diagnosis of root fracture in en-
dodontics (8-10).
It has been reported that CBCT images have a higher 
reliability and validity than do intraoral radiographic te-
chniques in managing an endodontic diagnosis and its 
complications (11,12). Karabucak et al. (13) reported an 
overall incidence of missed canals of 23.04% and found 
a significant difference in the prevalence of apical pe-
riodontitis when one canal was left untreated (P <0.05). 
It is thought that missing additional canals when using 
imaging techniques can lead to unsuccessful treatments 
(14). The prevalence of apical lesions is high and increa-
ses in the presence of defective coronal restorations and 
procedural errors in endodontics, of which incomplete 
filling was the most common, followed by partial lateral 
condensation and canals without radiopaque filling (15). 
Among the main causes of root canal treatment failure 
are those that could be visualized radiographically, such 
as open apices, root perforations, and root fractures (16), 
while 45.1% of endodontically treated teeth showed a 
periapical lesion when assessed by CBCT (17).
Using high-resolution CBCT images is an alternative for 
a more reliable diagnosis of root fractures in endodon-
tically treated teeth due to its high accuracy by using 
the high-resolution/standard (HI-STD) protocol, which 
reduces the radiation dose (18). To detect root perfora-
tions, the high-resolution mode provides significantly 
greater accuracy than the low-resolution mode (19). In 
comparison with the results of ex vivo cross-sections 
(gold standard), in the general range of correct diagnosis 
with CBCT, the accuracy increased from 92% to 100% 
within each assessment parameter, and the diagnoses ob-
tained with 3D Accuitomo 170 were as accurate or more 
accurate than other systems (20).
Additionally, vertical root fractures were significantly 
more common in teeth with a post (16.2% prevalence) 
than without a post (1.2%) according to Maddalone et 
al. (21). The sensitivity and specificity of the area under 
the receiver operating characteristic (ROC) curve of the 
scan with posts and without posts were significantly hi-
gher than those of periapical radiography under the same 
conditions (22).
Considering the results described in the literature regar-
ding the high diagnostic efficiency of high-resolution 
tomographic images to detect root fractures in teeth with 
posts, the purpose of the present study was to determi-
ne the relationship between the characteristics of tooth 
fractures and the presence of root canal posts in endo-
dontically treated teeth using high-resolution cone beam 
computed tomography scans acquired in four radiology 
centers.
Material and Methods
The present retrospective study was approved by the 
Ethics and Research Committee of the Southern Scienti-
fic University, Lima, Peru (Protocol number 268-2018-
POS8). The minimum sample size was determined using 
the online sample calculation software from www.fiste-
rra.com with a 95% confidence level.
Fifty high-resolution CBCT scans with a diagnosis of 
root fracture in endodontically treated teeth were obtai-
ned of which 30 (60%) were from women, with a mean 
age of 55.7 ± 12 years, and 20 (40%) were from men, 
with a mean age of 47.5 ± 10 years. These scans were 
acquired in three Veraviewepocs 3D units (J Morita 
Corp., Kyoto, Japan) and one 3D Accuitomo 170 unit 
(J Morita Corp., Kyoto, Japan). The size of the field of 
view (FOV) in all cases was 40 x 40 mm, with a 125 
μm voxel size. The exposure factors varied between 80-
90 kVp and 6-7 mA, with an approximate dose of 20 
μSv per case. All volumes were assessed with i-Dixel 
2.0 software (J Morita Corp.). For fracture localization, 
an iMac 4K iMac display was used with a resolution of 
4096 x 2160 pixels (Apple Inc., USA). The time it took 
the specialist to detect each fracture in the three spatial 
planes (axial, coronal, and sagittal) in each CBCT was 
recorded. This measurement was then applied to a cate-
gorical scale where different values were matched to the 
difficulty score: low, up to 60 seconds; medium, from 
61 to 180 seconds; and high, above 181 seconds. Sub-
sequently, the radiographic findings were assessed and 
classified according to the following variables: 1. type of 
fracture: horizontal, oblique, or vertical (23); 2. Type of 
retention: without a post, with a non-metal post, with a 
metal post (Fig. 1); 3. Extent of the fracture: crown, first 
third of the root canal, middle third of the root canal, or 
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Fig. 1: Type of retention: Without post (a), Non-metal post (b), Metal post (c).
apical third of the root canal (Fig. 2); 4. Cause of endo-
dontic failure: without failure, unfilled root canal, partia-
lly filled canal, or false canal (Fig. 3); and 5. Location of 
the lesions: no lesion, apical lesion, periradicular lesion, 
pararadicular lesion, or interradicular lesion. All data 
were recorded in an Excel table (Microsoft Corp., USA).
Fig. 2: Extent of the fracture: First third (a), middle third (b), apical third (c).
Fig. 3: Cause of endodontic failure: Unfilled root canal (a), incompletely filled canal (b), false canal (c).
In total, 50 CBCT scans were assessed by an oral and 
maxillofacial radiologist with over 10 years of expe-
rience in the interpretation of 3D images acquired with 
cone beam computed tomography. An intra-examiner 
assessment was performed for 30% of the samples, with 
a difference of one month between the first and second 
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assessments to evaluate reproducibility and measure the 
study error using the Kappa index. This process yielded 
an agreement value greater than 0.7 for all the catego-
rical variables (Table 1). In the time required to detect 
the fracture variable, the intraclass correlation coeffi-
cient (ICC) was 0.979, with a 95% confidence interval 
of 0.936 - 0.993.  
 Intra-examiner agreement
Variable n Kappa SEM
Type of retention 15 1.000 0.000
Post length 15 1.000 0.000
Type of fracture 15 0.872 0.121
Extent of the fracture 15 0.857 0.138
Cause of endodontic failure 15 0.874 0.122
Apical lesion 15 1.000 0.000
Periradicular lesion 15 1.000 0.000
Pararadicular lesion 15 0.842 0.151
Interradicular lesion 15 1.000 0.000
Difficulty score 15 0.762 0.157
Most difficult plane 15 0.795 0.135
Table 1: Results of the intra-examiner test for all categorical variables.
Kappa: Kappa Cohen index, SEM: standard error of measurement.
-Statistical Analyses
The data analysis was performed using IBM SPSS Sta-
tistics 25.0 (Armonk, NY. USA). The results are presen-
ted in tables with descriptive summary measures.
The chi-squared test was used to evaluate the association 
between the two main categorical variables; a multiple 
linear regression model was then applied to assess the 
influence of the variables affecting the time required to 
detect the fracture. Finally, Student’s t-test was used to 
compare whether the time required to detect the fractu-
re was different for the two tomography units that were 
used. A significance level of P <0.05 was applied. 
Results
Horizontal fracture was the least common, with 6 ca-
ses, followed by vertical fracture with 18 cases. Oblique 
fracture was the most common, with 26 cases. Accor-
ding to the type of retention, 40% of the sample had no 
post, 56% had a metal post, and 4% had a non-metal 
post. Regarding the extent of the fracture, 4% reached 
the crown, 24% reached the first third of the root ca-
nal, 54% reached the middle third, and 18% reached the 
apical third. In relation to endodontic failures, different 
causes were found in 38% of the cases, such as unfilled 
root canals (10), incompletely filled canals (8), and a fal-
se canal (1). Regarding the location of the lesion, apical 
fracture was the most common and was found in 40% 
of the cases.
There were no significant differences by age and sex; no 
statistically significant association was found between 
the type of fracture and type of retention (Table 2) or be-
tween the type of fracture and the extent of the fracture 
(Table 3). 
The endodontic failures that were found did not show 
a statistically significant association (Table 4). Parara-
dicular lesions had a statistically significant association 
with the type of fracture (P <0.05) (Table 5). 
The time required to detect the fractures had a statistically 
significant influence on the detection of oblique and ver-
tical fractures; the time required was 34 seconds less for 
both types than for horizontal fractures. For fractures in 
which an interradicular lesion was not present, the time 
required was 88 seconds longer than for those with this 
type of lesion (Table 6). There were no statistically signi-
ficant differences between the times required to detect the 
fracture according to the CBCT system that was used (Ta-
ble 7). The most difficult plane for detecting the fracture 
and the difficulty score were associated, showing statisti-
cally significant results (P <0.05) (Table 8).
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Type of Retention   
  
  
Without post Metal post Non-metal post Total 
n % N % n % n % P-value 
Type of 
fracture 
Horizontal 1 16.7 5 83.3 0 0.0 6 100.0 0.269 
 Oblique 9 34.6 15 57.7 2 7.7 26 100.0 
Vertical 10 55.6 8 44.4 0 0.0 18 100.0 
Total   20 40.0 28 56.0 2 4.0 50 100.0 
Table 2: Association between the type of fracture and type of retention
Chi-squared test*
	   
  
  
  
Extent of the fracture  
 
 
Crown Root 1/3 Root 2/3 Root 3/3 Total  
n % n % n % n % n % P-
value 
Type of fracture Horizontal 0 0.0 1 16.7 4 66.7 1 16.7 6 100.0 0.080 
 Oblique 0 0.0 6 23.1 18 69.2 2 7.7 26 100.0 
 Vertical 2 11.1 5 27.8 5 27.8 6 33.3 18 100.0 
Total   2 4.0 12 24.0 27 54.0 9 18.0 50 100.0 
Table 3: Association between the type of fracture and extent of the fracture
Chi-squared test*
	
  
  
Cause of endodontic failure  
 
 
Without 
failure 
Unfilled canal Incompletely filled 
canal 
False canal Total 
   n % n % n % n % n % P-
value 
Type of fracture Horizontal 4 66.7 1 16.7 1 16.7 0 0 6 100.0 0.489 
 Oblique 18 69.2 3 11.5 5 19.2 0 0 26 100.0 
 Vertical 9 50.0 6 33.3 2 11.1 1 5.6 18 100.0 
Total  31 62.0 10 20 8 16.0 1 2.0 50 100.0 
Table 4: Association between the type of fracture and the cause of endodontic failure.
Chi-squared test*
  
  
Pararadicular lesion  
 
 
Without lesion With lesion Total  
    n % n % n % P-value 
Type of fracture Horizontal 6 100.0 0 0.0 6 100.0 0.046* 
 Oblique 17 65.4 9 34.6 26 100.0 
 Vertical 8 44.4 10 55.6 18 100.0 
Total   31 62.0 19 38.0 50 100.0 
	
Table 5: Association between the type of fracture and pararadicular lesion.
Chi-squared test*
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Model Non-standardized 
coefficients
95.0% confidence interval for B
B Sig. Lower limit Upper limit
1 (Constant) 67.307 0.257 -51.092 185.707
40×40 mm CBCT 1.957 0.925 -40.057 43.971
Sex 35.938 0.057 -1.106 72.982
Age 0.789 0.29 -0.699 2.277
Type of retention -21.253 0.553 -93.257 50.75
Post length 13.462 0.524 -28.975 55.9
Type of fracture -34.426 0.031* -65.543 -3.308
Extent of the fracture -5.335 0.733 -36.793 26.123
Cause of endodontic failure 3.411 0.761 -19.108 25.93
Apical lesion -0.778 0.966 -37.051 35.495
Periradicular lesion 40.195 0.094 -7.22 87.61
Pararadicular lesion 50.257 0.055 -1.084 101.599
Interradicular lesion 88.356 0.012* 20.828 155.884
Table 6: Multiple linear regression to estimate the time required to detect the fracture.
a Dependent variable: Time required to detect the fracture
 40×40 mm CBCT n Mean DS P-value ICC (95% CI)
Time to detect the fracture Accuitomo 13 102.08 62.273 0.392   -54.696 - 21.822
 Veraviewepocs 3D 37 118.51 57.893   -57.601 - 24.727
Table 7: Comparison of the time required to detect the fracture between the two CBCT systems.
Student’s t-test
Discussion
In the present study, 50 high-resolution CBCT scans 
were assessed in patients with a diagnosis of tooth frac-
ture. The results showed that the type of fracture is not 
related to the type of retention used, which coincides 
with the results reported by Tsai et al. (24) where the 
presence of a post was not closely related to the pre-
sence of horizontal or vertical root fractures in posterior 
teeth (25). These results contrast with those reported by 
Maddalone et al. (21) in a prevalence study showing an 
increased risk of vertical root fracture (VRF) in teeth 
restored with a post; these authors found a statistically 
significant difference in relation to teeth without a post. 
In their study, the sample included 61 teeth with a post 
and VRF and 7 teeth without a post and VRF; more than 
half of the cases were diagnosed during apical surgery. 
Additionally, no association was found between the type 
of fracture and the extent of the fracture, which is in 
contrast to Huang et al. (26)  who assessed vertical root 
fractures greater than 100 microns using micro CT and 
found that they reached the apical third. The investiga-
tion by Huang et al. was an in vitro study of 37 extracted 
molars and premolars, while in the present study we in-
cluded teeth from the 4 quadrants of the oral cavity. This 
aspect could have had a positive influence on our results.
Regarding the association between the type of fracture 
and the different causes of endodontic failures, some au-
thors mention the great difficulty of differentiating the 
signs and symptoms between a lesion caused by root 
fracture and chronic apical periodontitis caused by en-
dodontic failure (27,28). In our sample, there were many 
unfilled MB2 canals, incompletely filled canals, and one 
false canal. However, although we did not find a correla-
tion between them, there were existing lesions that could 
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have originated before the root fracture occurred (29). 
The present study explored the association between the 
type of fracture and the location of the lesion, finding 
that most cases had at least one type of lesion, coinci-
ding with the results of a similar report (30) in which the 
authors found that the radiolucent J-shaped (halo) image 
was significantly more common in those cases with ver-
tical root fractures than in controls with no fractures. Arx 
et al. (31) found that in teeth with vertical root fractures, 
the most common radiographic finding was a periapical 
lesion, while in the present study, pararadicular lesions 
were the most common in this type of fracture and were 
not present in any horizontal fracture, possibly because 
most vertical fractures extended to the middle third of 
the root and not to the apical third.
The time required to detect the fracture had a statisti-
cally significant influence on detecting oblique and 
vertical fractures, as this was 34 seconds less than for 
horizontal fractures. This finding is in contrast to the 
study by Kamburoglu et al. (32), who reported that the 
radiographic detection of HRF with CBCT is easier than 
for vertical root fractures. They noted that artifacts cau-
sed by root canal filling, pins and posts can complicate 
the assessment of VRF in fractures in which there is no 
interradicular lesion, which took 88 seconds longer than 
in those which did not have this lesion. This measure-
ment was then applied to the difficulty score, finding that 
most fractures were detected with a medium difficulty 
score (between 61 and 180 seconds). Notably, all teeth 
were endodontically treated, and 56% of the sample was 
restored with a metal post, which was a diagnostic cha-
llenge for the radiologist because the artifacts generated 
by the metal and filling material could affect the time 
required to detect the fracture. As mentioned by other 
researchers, the presence of posts and gutta-percha re-
duces the sensitivity and accuracy in detecting vertical 
root fractures (32). Other author has reported protocols 
with smaller FOVs and voxels and achieved better sen-
sitivities and specificities when detecting horizontal root 
fracture (33).
A comparison between the two tomography systems 
used showed no significant variation in the time requi-
red to detect the fracture. This could be related to the 
use of equipment from the same manufacturer and using 
the same voxel size and image analysis software. This 
coincides with other authors (32) that have used CBCT 
systems with limited FOVs and high resolution, which 
behaved similarly in the detection of ex vivo-simulated 
HRF. According to Metzca et al. (34), the highest diag-
nostic accuracy rate for detecting vertical root fractures 
was achieved using CBCT with 80 μm voxels (3D Ac-
cuitomo 170; CA, USA), as opposed to that reported by 
Ma et al. (35),  who did not find significant differences 
between 80 μm and 125 μm voxel subgroups (P=0.320). 
To improve the accuracy of root fracture detection, other 
authors have suggested that more evidence is needed re-
garding the impact of voxel size variation on the diag-
nostic result in dentistry (36).
The three-dimensional study included the coronal and 
sagittal planes, which caused the greatest difficulties in 
detecting the tooth fracture. The plane was one of the 
elements that changed the difficulty score (P <0.05), as 
BL and MD fractures can more easily be detected in the 
axial plane because it is perpendicular to the fracture. 
In other study, the axial plane was found to be the most 
effective for confirming specific diagnoses, such as root 
fractures, compared with the coronal and sagittal planes 
(8). Future studies can use the method proposed, using 
a difficulty score to measure the time required to detect 
fractures, making comparisons with smaller voxels and 
using filters. The method can also be used for other to-
pics of interest.
Conclusions
The type of fracture in endodontically treated teeth was 
not associated with the type of post used for restoration. 
The time required to detect the fracture was less for de-
tecting vertical and oblique fractures than for horizontal 
ones. The detection time was also lower for fractures in 
which an interradicular lesion was present. According to 
the difficulty score, the coronal and sagittal planes pre-
sented the most difficulty when trying to detect a root 
fracture. The efficiency of tooth fracture detection was 
similar with the two CBCT systems that were used.
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